Abstract. Ultra-low frequency electromagnetic transmitter is typically used equipment that tracking position in the pipeline. Effective receiving distance which is determined by the emission field strength is one of the most important performance parameters of such equipment. Moreover, transmitting antenna coil parameters have a decisive effect on the emission field strength. We conclude by theoretical calculation between emission field strength and coil parameters. Under existing conditions, such as battery, core, and volume, the bifilar can exponentially increase the effective radiated magnetic field strength; improve the performance of the penetration distance. Then, we experimentally verify the effectiveness of this optimization.
As we all know, the magnetic field generated by the solenoid in an energized state, whether the solenoid has core or not, are based on the rotating body in the solenoid axis as a rotation axis of symmetry. Its cross-sectional view of magnetic field lines distribution as shown in Fig.1 . In the direction of the solenoid axis, the magnetic field strength is the strongest. The transmitter can send pig position signal, which is rely on such an alternating magnetic field in the space transmission. Fig. 1 solenoid magnetic field space ( 2) The spatial distribution of the magnetic field strength H To deduce the situation of solenoid external magnetic field distribution, we make two assumptions: (a) Relative permeability of the solenoid core is large enough (more than 104 actually), the magnetic core loss is zero, that is, assuming that the core of the solenoid wire on a flat surface, like a magnetic dipole. (b) If a multilayer circular coil and a single circular coils energize the same current (same NI), produce same magnetic field strength at the center of the circle, then the single circular coil diameter is called equivalent diameter of the multilayer circular coil denoted .The coil magnetic field we studied is a single layer coil diameter that the magnetic field generated. After the above assumptions, we'll have a core that has a certain axial length and a certain radial thickness of the multilayer solenoid coil reduces to a no length and no thickness plane single coil namely magnetic dipole. The book "Electromagnetic Field and Wave" shows a magnetic dipole field distribution relationship: 
In the formula: -Magnetic dipole moment, ; -in the direction of r unit vector; -in the direction of unit vector; N -coil turns; I -current effective value; R-coil equivalent radius, , -Radian length,  -wavelength, . r ,  and  are three parameters spherical coordinate system. It is shown in Fig. 2 . Let P (x, y, z) of the point in space, so that the point P can also be determined by three orderly numbers r ,  and  . And r is Research, volume 136 the distance between the origin O and the point P.  is an angle between positive z-axis and the directed line segment. And  is an angle from the positive x-axis in the counterclockwise direction to go directed line segment by the positive z-axis view. Such three numbers r ,  ,  called the spherical coordinates of the point P. Range of variation for r ,  ,  is , , , r = constant, scilicet with the origin as the heart of the sphere; = constant, scilicet the origin is the vertex, z axis by a conical surface;  = constant, scilicet over the half-plane x-axis; Among them, , , .
Advances in Intelligent Systems

Fig. 2 magnetic dipole field intensity distributions
Objective to study the transmitter antenna is to increase the magnetic field strength of the coil magnetic field and increase the distance signal transmission for effectively penetrate the soil, rock and pipeline. It can be seen by the equation (1) and (2), the number of is determined by winding parameter N, and current I in a certain distance (position). The formula (3) shows that when the coil terminal voltage U and angular frequency are determined, current I depend on the inductance of the coil L. L is depend on magnetic material (core), coil turns, geometry and shape of the magnetic circuit. In order to find ways to improve the strength of the coil magnetic field, it is necessary to calculate the transmitter coil inductance.
The calculation of magnetic core multilayer solenoid inductors
Tab. 1 shape factor K values Since the core is a magnetic equipotent surface in a same cross-section (surface composed of equal magnetic potential points), thus the entire cross section have same magnetic field strength which is equal with the magnetic field strength at the center of the circle. As a result, the inner and outer diameters of the core multilayer solenoid becomes + and + (Sectional view of the core multi-solenoid shown in Fig. 3 ). In the coil winded by research group that ≈ . The same with the calculation method of , for the magnetic flux in the core multi-solenoid we deduced the following formula: (7) And the equivalent diameter when calculated according to the magnetic with core:
(8) Substituted into the formula L and simplifying it which can be obtained: 
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The magnetic field strength of the transmitter
The is the amplitude of the magnetic field strength of the transmitter antenna coil axis that can be calculated using the following formula: It can be concluded that the possible measures to improve emission intensity of the magnetic field are: 1. Increase the diameter of the coil ，reducing coil layers , namely to reduce the number of turns of wound coil , enhanced magnetic field strength. Therefore, if the coil winding manner from the previous single wire wound improves to double wire wound, it can increase the strength of the magnetic field of the transmitter coil double to the original. 2. Increase , shorten , it can enhance the magnetic field strength of transmission system.
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Increasing the power supply voltage can be proportionally increasing the magnetic field strength of transmission system. Limited by existing battery, core and allowed volume conditions, measures of 2 and 3 can not be adopted. Measure 1 is feasible. Formula (11) shows that A is a function of the distance z. In order to facilitate comparison that magnetic field strength of the transmitter coils in each case, we require the magnetic field strength at 1m is z, as a measure of the magnetic field strength standard of the transmitter coil. Larger the value of , the magnetic field coil is stronger. Original transmitter coil is a single-wound, and put parameters in , V, , , , -diameter of the wire. As we can see from the above experimental data: The original single-wound system effective transmission range is about 9 meters. Improved dual-wound system effective transmission range is about 16 meters. It can be seen the improved dual-wound system without changing the original transmitter system battery, the core and volume, the effective transmission range almost doubled.
Conclusions
We conclude by theoretical calculation between emission field strength and coil parameters. Under existing conditions, such as battery, core, and volume, the bifilar can exponentially increase the effective radiated magnetic field strength; improve the performance of the penetration distance. The conclusions actually applied to an existing transmitter system, the effective transmission range has increased from 9 m to 16 m. It confirmed the effective feasibility of this optimization.
